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ABSTRACT 

The purpose of this paper is to examine what is known 
about the costs and cost-effectiveness of coaqputer-assisted 
instruction (CAI) by pfesenting an appropriate cost methodology, 
applying it to CAI, and exploring the validity of four popular 
assumptions. These assumptions are: (1) that computer hardware 
accounts for most of the cost of delivering CAI; (2) that drastit 
declines in future costs of computers will create similar reductions 
in CAI; (3) that networks of microcosiputers used for CAI are less 
costly than minicomputers with similar capabilities; and (4) that CAt 
has been found to be more cost effective than other instructional 
alternatives. The first three assustptions are directly contradicted 
by the available evidence. Nith respect to cost-effectiveness in 
raising student achievement in mathematics and reading, CAI was found 
to be more cost-effective than reducing class size, increasing the 
length of the school day, or adult tutoring, but considerably less 
cost-effective than peer tutoring. A bibliography of 11 citations is 
appended. (Author/MLF) 
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Abstract 

The purpose of this paper is to ex^Aiae what is known about the 
casts and cost-effectiveness of coispoter-^sisted instruction (CAI) hj 
presenting an appropriate cost Methodology, applying it to CAI, and 
exploring the validity of four popular assi^tioos. These assumptions 
are: (1) that computer hardware acco4^nts for aost of the cost of 
delivering CAI; (2) that drastic declines future coats of computers 
will create similar cost reductions in CAI; (3) that networks of 
micro-computers used for CAI are less cost)ly than mini-co^mters with 
similar capabilities; and (4) that CAi; has be«n found to be more 
cost-effective than other instructional alternatives. The first three 
assumptions are directly contradicted by the available evidence* With 
respect to cos t-e f f ec t iveneas in raising student achievement in 
ma the rma tics and reding, CAI was found to b^ more cost-effective than 
reducing class sise, increasing the length of the sdiool day, and ' 
adult tutoring, but considerably less effective than peer tutoring. 



I- INTRODOCTIOH ^ 

Cosputat-assisted^ Instructioa (CAI) h«i baaa used in Amricaa 
rieaentary aad sftcoodary tfchools for two dacodea* Early applicatioaa 
of computers to educatioa wars based upon Che use of a central 
main- f tame computer linked to ©any schools over a larga geographic 
area through telephone lines or nini^computers in t^hich a central 
processing unit was connected tc student terminals in a school ot 
school district (Alpert and Bitser 1970; Suppes and Norningstar 1969)* 
Hovever, the recent interest in CAI has stemrned fi^ainly from the 
introduction of micro^^computers into the schools. 

Micro-computers allov a higher degree of flexibility in 
deployment and use^ an^i do not require the elaborate CG*amuni cat ions 
networks associated vith mainframs and mini-com(MiCers# A school can 
obtain a single isicro-com{mter or multiple isicro-computers. They can 
be placed in individual classrooms, a resource center, or computer 
laboratories, and they can be Msed as individual stations with highly 
diverse applications or for common instructional tasks* Although they 
can be linked to each other in local area neti^rks, they can be used 
independently with no interconnections whatsoever* 

Since about 1978, the compelling case micro-'computers in 
instruction stems not only from their flexibility, but from reductions 
in cost and increases in performance* Between 1978 and 1984, the cost 



for a giv«a level of perforweace declined by SO percent or oore* This 
decline in cost eccompenied by the eonrgiog centrelity of coetputers in 
the irorkpleee hes eccelerited the purchase of tticro-coatputers by 
schools and the in tegrat ion of CAt into the school curricalu«« By 
January of 1983 soae S3 percent of all Aowrican schools and SS percent 
of high schools had at least one computer according to e major 
national survey (Center for Soci4l Organiaatim of Schools 1983 e: 2)| 
and the penetration of the ttidro^computer is certainly considerably 
higher today. 

! 

1 

The purpose of this study isj to look aore closely «t the issue of 
cost end cos t-e f feet iveness oif the use of micro-cooputers for CAI. 

I 

There are four popular assusptjlons on this subject iihich serve as a 

I 

useful point of departure* The^e assunptions are: (1) that computer 



hardware accounts for most of 



the cost of delivering CAI; (2) that 



drastic declines in future costs of costputsrs will creete simiilar cost 
reductions for CAI; (3) that netviorks of micro-cosiputers used for CAI 
are less costly than mini-computers vi£4i-the same cepabilities; end 
(4) that CAI has been found t\f> be aiore cost-effective than other 
instructional alternatives* 

Each of these assumptionsj will be evaluate4 according to the 

j 

evidence that is available. 3i^t, before such an assessment can be 
undertaken, it is important to define costs, present a method of 

I 

measuring costs, evaluate specifically the cost components of CAI^ and 
provide some cost estimates for CAI servicese The next section 
addresses the costs of CAI# 



II- ESTDUTmC COSTS OF CAl 

What U the cost of CAI? Wien aducacors, polic3rut;eri, coaputar 
firms, and patents address tha ccrsts of CAI, they typically refer only 
to tha costs of purchasing the vicro-'coaputars alona. Since a 
siicror-computer with instructional capabilities coats lasa thn $1000 
and can last for several years, a school vith 1000 students could 
acquire one micro-'coaputar for every 20 students or SO aicro-ccmpatars 
fo> bout 9iO,aOC« This would amount to the annual salaries of ttro 
teachers^ But, since the cottputers would last for several years, the 
cost in a single year would be only a fraction of this* For axa^le, 
if the aachines were used for three years, lUa apparent cost would be 
only about $17,000 a year or $17 a student per year* Clearly such a 
cost seems very modest in comparison with the $3,000 or so spent 
annually on each student for all school services. 

The problem vith this type of calculation is that micro-computers 
in thc^mselves are only one element in a more complex system for 
delivering instruction. In addition to the computers, schools need a 
secure facility to house them, curriculum software, knowledgeable 
personnel, provisions for maintenance, tnd other support services. 
The proper way to determine the cost of CAI is to ascertain what 
ingredients are needed to deliver a particular type and * level of 
instructional services, to ascertain the cost of those ingredients, 
and to determine who pays for them. This approach is known as the 
resource or ingredients approach and represents a systematic and 
economically sound method for ascertaining costs (Levin 1983). In 
this context, we will use the words ingred ien ts and resources 
interchangeably. 

8 



B«for« exploriag Che ingra<ii«ac« owthod and its applicacion to 
CAI« it !• ut«ful to define what is laeAat by "cost** (Levin 1983: Chap. 
3). Cost refers to the value of what is given up by using resources in 
one wax rather than in their best alternative use. The use of 
reiourcei^or one endeavor aeeas thnc toAe other uie of those 
resources is sacrificed or lost. The iagredieats method is besed upon 
this definition by evaluating in monetary teitu the total value of all 
resources used in the CAI intervention. It is a cooprehensive 
approach to determining ' a 1 1 of the ingredients required for the 
in tervent ion« assessing and sumariaing their costs, and apportioning 
those costs among different constituencies such as levels of 
govemaenty parents^ volunteers^ and so on. , 
Identifying Ingredients 

The first step in using the ingredients approach is to identify 
the ingredients that will be needed for a CAI intervention. These can 
generally be divided among personnel^ facilities, equipMnt, materials 
and sup plies, and all other. The personnel category includes 
virtually all of the human resources required including teaching 
s pec la 1 is t s , c oordinators, and administrators. Each position should 
be Identified in terms of the proportion of a full-time position 
required as veil as the qualifications of the person occupying the 
position. Facilities refer to the physical space required for the 
intervention. This may be a classroom or a portion of a classroom. 
The facility should be identified according to both the amount of 
space needed and its quality. For examplei if security devices and 
air conditioning are required, these should be stipulated. 



Bquip*«0fie includes mil of the hardwArt that will be raquirad. la 
the cee« of e «l<fro*coapttter InCervention chis vill include the 
tticro-cosputersi printers, end other devices required for the 
iatervent ioa. It asf include such euxiliery equi,*iaent es cooling 
fens^ enti-^surge devices, end edded peripheral aquipMit such es disk 
drives or cassette recorders* Materials and supplies include the 
curriculum soft- vara, insiructional mmualSi paper for Che printers, 
and other requirenents. 

The *^all other" or miscellaneous category should include the 
costs of enetgy (heating, lighting, and power) ^ routine maintenance of 
the classroom, hardware maintenance, fire and theft insurance, and 
training* The hardware maintenance and insurance could alternatively 
be included in the equipment category rather than the miscellaneous 
one# If specific administrative positions cannot be identified for the 

personnel category, it may be useful to make some estimate of 
administrative overhead in this category to cover the purchasing, 
contracting, and other arrangements that will have to be mede by the 
principal and the central office staff of the school district* 

The guiding principle for listing the ingredients of the proposed 
CAI project to be as complete as possible, especially for the major 
inputs* It is important to reme^er that one copy of software is not 
adequate for^ tpultiple micro-computers* In general, a copy must be 
purchased for all students who will uae the software simultaneously or 
an agreement must be negotiated with the software manufacturer that 
pe'rmits the school to pay a fee to produce a specified number of 
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copies for latanuil us«. AUhough it vuf bm tempting to buy « siagU 
copf Mnd duplicACe it, such an activity is illegals 
Valaiog Ingrediaota 

Once the iagradiaats that are required for the CAI iatetventioQ 
are stipulated, it ia adl^eiifary to deteraine their coat* There is a 
standard methodology for doins this that is readily available (Levin 
1983: Chap. 4), and space precludea oor replicating these details* 
However I it is useful to indicate sow of the principlea for setting 
out the costs of ingredients. First, all ingredients are costed, ,even 
if they appear to be ^free*'. the reason for this is that even 
contributed inputs such as the tim of a volunteer or a donation are 

not free to the donor* even though they do not have a coat to the 
school or school district. In those cases, tie wish to acknowledge the 

costs, even though at a later stage we will apportion thea to other 
constituencies than the school and scho ^ district, this is not only 
desirable for purpoaea of co^leteness, but it is also iisportant to 
recognise such costs in the event that donations of volunteer tim and 
other resources are not obtainable ao that they may make a claim on 
school resources at sose future time«. 

Second, costs are sdt out at their market values for the same 
reason. Take the case of a classroom that is provided for a computer 
laboratory. At a budgetary level there appears to be no cost because 
there is no financial transaction. However, given our concept of 
"opportunity cost*' for ingredients, there is always a cost aa long as 
the resource has alternative uses. In the case of a classrooa, that 
space could be used for other instructional purposes or for 
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adoiois tr«t iyfl fuactlMSt or it could b% lapsed Co outside utars for 
day-cara, seaior citiaaa^ or conarcial uses* In an aga*of declining 
enrollvanta wany school districts hava sold buildings or leased 
portions of school facilities that vera uaused<» By using such ^extra^ 
space for C4I, the school district sacrifices what it could have 
obtained by leasing the facility. Accordinglyi there is a cost to 
using a c las srooei for CAI as opposed to using it for other purposes, 
even though these coses will not be found on accounting stateaants. 

Third, as suggested by these first two principles, budget or 
accounting staceaents do not include all of the costs of an 
interveat ion. Hot only do they exclude resources for which there is 
no budgetary Cransaction such as the donatec ones or esploymnt of 
available space that has other competing uses, but they provide a 
misleading view of annual costs for any equipment purchases^ The 
reason for this is that equipeent such as micro-computers has an 
expected life of 3-6 year^ depending upon its use and maintenance* 
Hovever» conventional school account ing^^practices require that the 
entire amount be budgeted during the year of purchase so that the 
annual estimated costs in the first year ara overestimated by 
including the collate cost of equipment ia that year* In subsequent 
years the cost of CAI is underestimated because the cost of equipment 
is not reflected in the budget* Yet| consider that the costs should 
be spread over all of the years of use to get an accurate pictuVe of 

the annual cost of CAI* Although this practice of apporti<Hiing costs 

s 

over the lifetime of equipment is a standard one in cost accountingi 
it is not common in the construction of school budgets. Thus, one 

12 
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should not raly coapletely on school budgeti if on« vishes to obtain 
an accurate picture of annual coats of an intervention. 

Finally, it is useful to state costs in annual teraa. They can 
then be readily ooapared with the annual costs of other possible 
interventions as well as the overall annual costs of school 
operations* Accordingly, *ll of the analyses that follow vill be 
based upon the eatimate of annual costs, although wm will also note 
Che iaiti4l costs of acquiring aicro-coaputers that vill last a number 
of years. 

Given this background, it is possible to suggest som principles 
for estimating the costs of each category* Costs are generally 
easiest to estisate for the personnel category* The reaam for this 
is that any school district can ascertain readily vhat it needs to pay ^ 
for most types of instructional personnel* These costs should include 

m 

not only salarisis, but fringe benefits as velU In the case of 
volunteer 9, the cost estimate should be based upon i^at it tiould cost 
the school or school district if paid staff had to be hired for such 
positions* 

Facilities costs can be estinated in a number of ways* The 
easiest way is to ascertain the leased value of equivalent space* 
This can be done by specifying the amount of space and its 
characteristics and checking with a local real estate firm to 
determine what such space would cost in that location^ A different 
method is to determine the replacement cost of the facility and to 
convert the replacement cost into an annual value based upon the 
lifetime of the facility and the interest rate that reflects the 
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**oppor Cuaiey cost** of us lag resources for capital la v^stiaent (La\riii 
1983: 67-71) • 

Tha aoaual co«t of equip«iiat caa be eatimted in a similar 
manner* If one knovs the purchase price and life of the equipment and 
the pertinent interest rate, one c«n use a simple table of 
"annualiaation factors'^ to determine the annual cost (Levin 1983: 70)« 
Clearly, the greater the lifetime of the equipment, the lover the 
annual cost. In smm cases it is desirable to include the insurance 
costs for fire and theft as veil as maintenance cosca of the equipment 
in the equipmnt category rather than in the miscellaneous one. Both 
of these are easily ascertainable because they are generally paid for 
on an annual basis (often a percentage of the value of the equipment)* 

The most important component of the materials and supplies 
category is likely to be the curriculum software* If it is leased i^-^' 

an annual fee, its annual cost is easily ascertained. If it is 
purchased, its annual cosC can be derived in a similar fashion to that 
of the hardware, although it should be remembered that the software 
may have a different lifetiise than the hardware. The annual cost of 
other materials and supplies can be estifluted on the basis of the 
costs of the ingredients that are needed for this category* 

Finally, the miscellaneous or other ingredients can be valued 
according to their particular characteristics^ The costs of energy 
use and facilities maintenance can generally be estimated on the basis 
of school experience for these categories. Training vill include not 
only the direct cost of instructors and materials, but also the 
reimbursement of salaries of trainees during the training sessions. 



10 

To the degree that the trainees are expected to stay for a amber of 
years without requiring aoaual retrainings the initial costs of 
training cen be ^annualiaed"* in a similar to that of the equipoent 
and the eoftmire. 

In suoisiaryy a stndard set of procedures can be tts<»d to estiwitie 
the coats of the ingredients required for CAI. Once these coats are 
eatiaiated, they can be added to obtain the total coats for the 
intervention on an annual basis. They can also be divided into those 
that vill be borne by the school or school district and by others, and 
they can be used to estioate the initial "out-of-pocket*^ coats that 
the school district Will need to initiate the intervention^ 
Apportioning Coata 

The ingredients aethod requires that all resources required for 
the intervention be stipulated and their costs be ascertclned. This 
approach provides a complete picture of resource needs and their costs 
and can be used to determine the overall cost of the intervention. 
However, a school or school district will be concerned primarily with 
its share of the total coMtn* It is in the interest of the district 
to obtain as much outside assistance as possible in order to reduce 
its own costs* For example, it may be possible to get community 
volunteers to undertake some of the personnel responsibilities, 
particularly those of aides who will assist students in using the 
micro-computers* It it also comon for computer firms to provide at 
least some equipment to schools at no cost. The State of California 
has passed legislation that provides tax credits to computer 
manufacturers for making such donations. Even in the absence of such 
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legislation fir«s jiave iaceatives Co ^ive dqui{»eat to schools in 

order to get t^^ex c/eductioas end to prive both the school and hoM 

/ ' 

(pereditel) se/rket for their products* Finally^ soae of the states 
provide subsjLdies to schools to prooote cos{Hjiter instructioo» and 
federal grat^ts can be used to pay for all or sons of the cost of CAI 
uader the Edu^atioa Coasolidatioo aad XaproveMiiit Act (ECIA). 

After 4eter«iniag the full cost of the iaterventioa vhea the 
value of all resources is accounted for, it is useful to divide the 
costs amo^g those vho bear thev. In this iray, it is possible to 
distinguish among costs that vill be borne by the school district, 
other goveranent agencies, volunteers, and private fimf or other 
donors* This analysis also enables a detersiiaation of the types of 
support that the program will depr upon and the areas in vhich the 
school dijptrict vill have to increase its share if the subsidies and 
donations do not materialize. 
Initial Coats 

A separate analysis can also be made of the initial or "up^fronf* 
costs. Such costs refer to those expenditures that must be made at 
the outlet of the intervention^ even though the acquisitions and 
improvements vill last for several years and will not requite 
additional out lay* The best examples ars the refurbishing of 
classrooms into computer laboratories and the acquisition of costputers 
and software* In these cases, the usual practice is to pay for the 
improvements and equipment at the outse^t, even though good business 
practice would normally lead to financing them over their lifetimes. 
However, in the case of schools, only major capital construction is 
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f i aa a C€d through borroving« Refurbishing of buildings and atrquisition 
of equipttsnt are paid for iaaediately upon their cooipletion or 
purchase* The ingredients method enables a separate accounting of any 
resources Chat must be paid four initially io order to calculate up- 
front costs* Of course, the leasing of computers and software as well 
as facilities (e#g« temporary classrooms) represents a iray of reducing 
the initially high costs of financing this type of intervention^ 
Summary of Cost Analysis 

In this section me have provided a brief sunaary of a method for 
ascertaining the costs of CAI. The main principles of the approach 
are the identification and stipulation of all ingredientr-^ot just 
computer hardware; the costing of all ingredients according to their 
market value; the apporticmment of costs among the various constitu- 
encies vho vill be expected to bear them; and the determination of 
what initial or up-frofit investment will be required by the school or 
school district to uddertake the CAI program* In the next section, we 
will apply these principles to ascertaining the costs of CAI in order 
to evaluate some of the popular assumptions on the subject* These 
assumptions are: (1) that computer hardware accounts for most of the 
cost of CAI; (2) that drastic declines in computer costs will have a 
similar effect on the cost of CAI; (3) that networks of 
micro*-computers are less costly than mini-computers with similar 
capabilities; and (4) that CAI has been found to be mora 
cost-^ef feet ive than other instructional alternatives. Each of these 
assumptions will be evaluated in turn on the basis of actual 
assessment of one of the most widespread applications of CAI« 
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III- ACTOAL COSTS OF CAI / 

The principles thmt vere set out <iboye have been used to estiawte 

j 

M ««jor Applicati.oa of CAI la 1978 l(Uvifi akd Woo 1979) «iid ia 1984 
(L«vi0t GlaiSy aod Mcistcr 19d4)« Hovev«r, before presenting these 
results t it is ieiportent to ettphes/ise that they should be viewed es 
illustrative rather tbea definitives Tbe reason for this is that 
there are aany di fferent approaches to CAI» end there are way 
different settings* Each appliciti^n oey have different ingredient 
requirements and service levels as veil as goals* In additioni costs 
for particular ingredients such as personnel may differ substantially 
among different settings. The advantage of the following examples is 
that they have — ^en derived from one of the most widespread uses of 
CAI. In addition, they permit an examination of changes in cost levels 
and structure over time as veil as a comparison of the costs of 
micro* computers and min i-^ccmputers for producing the same type and 
level of services. 

The specific application of CAI that ve vill consider is that of 
"dr i ll-and-practice," Dr i 1 1-and-prac t ice refers to the use of 
computer exercises to reinforce classroom instruction. It is the 
earliest application of computers to learning and has been used for at 
least tvo decades (Suppes and Morningstar 1969). A 1983 survey of 
schools found it to be the second most important computer application, 
occupying 23 pei^cent of all student instructional tioM on computers at 
the elementary and secondairy levels (Center for the Social 
Organization of Schools 1983 b; 7). Rigorous evaluations of computer 
dri ll-and-prac t ice suggest that the intervention has strong positive 
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effects QQ tCudaat «chiev«aeat la Mtheaatics and readiog (Glass 1984; 
iagoaca^ Holland, aind jaalioa 1982} « 

Tha soat iridaljr uaed and .evaluated drill-and-practice approach is 
that of the Coaputar Curriculua Corporation (CCC)# A proaiineiit 
fonr-yaar evaluation of the CCC application naa carried out in Los 
Angelas from 1976-1980, sponaored by the National Inatitute of 
Education add carri^ out by the Educational Teating Service (Ragosca, 
Holland, and Jaaiaon 1982). In that intervention, eleaentary students 
vera provided vith ten-ainute daily aesaiona of driVl-^esid^practice in 
natheaatics, reading, and language arts* S<me students had aore than 
one daily sesaioa,;and the coobinaticms of subjecta to irhich students 
were assigned differed so that a child atudying reading and language 
arts by coaputer could serve as a control for asaessing the benefits 
of matheaatics instructioa for another child atudying reading, 
language arts, and aatheaatics. Since the experiaant ran for four 
yeara, it vas also poasible to make coaparisons among atudeota vith up 
to four years of CAI and vith different combinationa of subjects as 
veil as b^tveen students vho had received CAI and those vbo had not. 

The approach evaluated in the study requires a separate claasroom 
with 32 terainals connected to a aiaicoaputer« (A similar type of 
delivery ays tea can be cooatructad using microcomputers that are 
arranged in a local netvork vith a hard-disk storage device.) The 
m^inicoaput er holds all computer curricula for all elementary grades 
and curriculu * areas as veil as student records on the nuab^r of 
sessions that students have taken and their progress* Since each 
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terminal was ut ad for about 23 saasioas a day, cha eoaputar facility 
«aa able to accoModate a total of 736 aaaaioaa a day. 

Peraonnal iaeluda a full-tiae coordinator and ttro part-tiae 
taaehing aides aa well aa a aaall portion of adainistrative tioe. The 
CAI coordinator ia raaponaible for the overall functioning of the CAI 
prograa including acheduling and coordination of instruction, 
reporting to teachers on student progress, and aonitoring equipownt 
functioning and maintenance. This role ia serve by e claaarooa 
teacher vho is trained in an intenaive one and one-half day program. 
Teaching aides Mnitor the perfomance of students and assist them in 
understanding the CAI problems and solving them. In addition to the 
computer hardware end personnel, other inputs include a renovated 
classroom, curriculum rental, supplies, insurance, and maintenance* 
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tABLE 1 

I 

Coapuetr A««ise«d £nt taction Ingredieots «ad Costs 

Iiuab«r of SCudeots: 736 (incliid«s 23 sessions per t^rminsl 

per d«y f^r 32 teniae Is). 

! I 

Annual I 
Co«C Ingre^ieaC 

PERSOmL 

$25,000 1 CAI Coordiasjcor «c $^0,000 plus friage beoefics per 

yesr i j 



6,000 2 eeeching «i<jes 0 600,' hours st $S.OO/hour 

1,750 1 principsl 9 j5Z tim jit $28,000 plus fringe benefits 

per year ' 



FACILITIES 

5,775 Clessroo* foi^ CAI Ubbrstory (includes $1,000 for 

uCilicIes sn^ routine asineensnee of the specs) 

3,010 Clessrooa renove2:iott ifor CAI leboretory 

244 Furnishings (included teacher desk snd chelr and 

student chairs only)' 

EQniPMEirr and MATERI^iLS 

4,982* 1 Microhost (CPU) wiith 1 Mb aeaory and 40 Mb storage 

at $21,700, annualized at lOX interest over 6 years* 

4,857* 32 Cospui^er Curriculua Corporation tervinais at 

$21,152, annual iced at lOX interest over 6 years* 



207* 1 dot eat^ix (120 dps) printer at $900, annualized at 

lOX interest over o yeara* 

11,434* Software at $49,800, annualized at lOX interest oyer 6 

years* ' ■ i ■ ■ 

1,102* Installation at $4,800, annualized at lOt interest . 

over 6 years (includes CPT at $r,500, teminaU at 
$3,200, ^nd printer at $100)* 
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TABLS ONE (Continued) 
Aunual 

Cost Ingredient 



SQDlFMEMt AKD MATSRIALS (Continued) 
6,400 Curriculim rentel per year 

3,000 Supplies 



OTHER 



40 



Training tioe for coordinator 9 1-1/2 days x $100/day, 
annual ised at lOZ interest over 3 years 

855 Training tise for 40 teachers @ 4 hours x $20.25/hour, 

annual ised at lOZ interest over 5 years 

9,720 Maintaniince (includes CPU at $3,600, terminals at 

95,760, end printer at $360) 

3,000 Insurance 



$87,376 TOTAL COST PER YEAR 

$ 119 COST PER STUDENT 



'costs quoted by Computer Curriculum Corporation as of 3/16/84. 

f 

Table One provides a sumnary of the ingredients and costs of the 
CAI system for a 32 terminal laboratory. Details for the cost 
analysis are found in Levin, Glass, and Meister (1984). The overall 
cost is about $87^000 psr y^ar or about $119 per year for a ten aiaute 
daily sessioa« Hardvare and software costs are based upon data for 
the Spring of 1984, vhile all other cost data are for 1980. llius, 
overall costs would be somewhat higher in 1984 for the latter 
category. What is most instructive is the breakdown in costs among 
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categories, the enaualUed co«t of herdvtre (co«t per year) eccouots 
for oaly about II percent of the total coit, while perfoanel coate 

account for about 38 percent. Curriculum and other eofti#ara coats 

1 

represent 21 percent of the totalt and hardware ttainteoanca about 11 
percent. 

Hotr Poaioant is the Cost of the Cogputer ? 

This cost breakdown enables us to address the first {Kipular 
assumption, namely that the cost of cM^mter hardware dominates the 
cost of CAI. In this' example, the cost o^ computer hardware 
represented only about one-'ninth of the overall annual cost of 
providing CAI services. It is also isqiortsnt to note that although 
personnel accounted for about two-fiftha of costs or over three times 
that of the computer hardware, staffing was rslatively modest for such, 
a busy facility with over 700 student sessions a day. The only 
personnel were a full-time coordinator ($20,000 a year plus fringe 
benef i ts) , two par t«« imn teaching aides (600 hours each 8 $9.00 hour 
for a total of $6,000 a year) and s small amount of administrator 
time. It is reasonable to believe that this is probably a minimal 
staffing pattern for a facility with 32 terminals or 32 
micro-computers that are fully utilized for the entire school day . It 
should be noted that several years of experience suggest that full 
utilisation meant about 23 ten-^minute sessions a day or the equivalent 
of four hours of continuous use pver a six«»hour school day* The 
remaining time was accounted for by time required for maintenance and 
testing of equipment, production of student records ^ lost time because 
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of inoperative e'quipMat* end tiae rt^^iuired duriag the transitioa fro« 
oae ceudeat group to another. 

Mor c«a one ergue that thie coat patters if unique to a 
ain i-computer with terainalf in contrast to nicro-conputera. A 
aiailar aiero-eoaputer configuration is likely to he faced irith 
siailar staffing needs. Purtheri aaiatenaace and softiMre needs are 
not likely to be substttitial\y different be twaen aini-coaputers and 
aicro-coaputers with the saae service capacity. Indeed, in a later 
coBp'arison of the costs of aini- and aicro-coaputera, we will suggest 
that as of 198A costs are roughly coaparable or even favor the 
aini-coaputer over aic ro-coaputer networks with coaobmieation 
capabilities. 

In large aeasure an understanding of all costs of CAI explaina 
why school district* ^re uaabLe to utilise efficieatly the 
micro-coaputers thet they purchase vith^t oeking explicit logistical 
and cost provisions for other requi reseo tSe The purchase of 
siic ro-cosputer s is a necessary coadi t ion--but not a sufficient 
one — for providing CAI services^ For every dollar spent on such 
hardware sone four or sore dollars of other resources will be needed 
for the other resources required to provide instructional services 
such as supporting software^ maintenance^ personnel, and special 
facilities* The overall sMssage is that although computer hardware may 

t}e the most visible component of a CAI delivery systi», it accounts 
for a relatively small portion of the total costs of CAI* This is a 
lesson that is important for schools to learn if they are to provide 

u 

CAI. services rather than to lim' lemselves to the purchase 
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* m 

of coaputert with the hppe that the services vill he produced 

eutoMCicellj froa the herdvare* 

Will the Coste of OU Fell OreiticeUvT 

4 secoad pepuler essuaipcioa is chee the costs of providiag CAI 
services vill dec line dresticelly with coocoaiemt declines in the 
costs of «ioi-> or aicro-coapttCers. This proposition' c«a he extainad 
both hiseorlcelly and logically. As part of the evalueeion of th« Los 
Angeles exp«riaant« a cost analysis viae undertaken in 19 ''8 (Levitt and 
Woo 19 79). The overall cost of delivering 736 dally CAI aessione par 
year vas estiaated to be about $100,000 for the 1977-78 ackool year. 
The cost per year foe; a daily CAI session was estiaated at $136 per 
student. Recall that the estiaated cost of providing Che seae 
services in 1984 was about $119 per year for each student for a daily 
CAI session. Accordingly, even with substantial declines in the cost 
of the coaputer hardware between 1978 and 1984, the cpat of providing 
CAI instruction had declined by only about # percent. 

Lee us exaaine this paradox aore carefully. In 1978 the annuel 
cost of coi^uter hardware was estiaated to be about 28 percent of the 
total annual cost of providing the CAI. We can ask what would happen 
to such costs if the hardware costs had declined by 50 percent. The 
answer is that there would have been a 14 percent reduction in the 
overall costs of service delivery, or half of 28 percent. According 
to the 1984 estiaates, the actual share of hardware costs had declined 
to only, 11 percent of total costs. This reduction in the proportion 
of coBtB 4Ctribueibl« to hdrdwara wms dum not only to m decline io 

23 



hardwara cotes yer sa . but also to raUciva rises in the costs of 
soow of the other Ingredieats. 

Mov, let us do « bold hypothetical exercSise ia aritbaetic by 
assuaiag tbat hardware costs daclina so drastically in future years 
that coaputars will be given away at no cost «hatsoev«r. Although 
this is an absurd assuaptioo, it is useful for seeing the liait to 
which a reduction in hardware coats can diainish the overall coats of 
CAI. Clear iy, the use of free coaputers would reduce the tfost of CAI 
services by only 11 percent in this exaaple, as long as need for the 
other ingredients and their costs reaained constant. Of course, to 
the degree that the cost of other ingredients such as those of 
personnel increaae over tiae, not all of the cost reduction froa free 
coaputers will be reflected in reduced costs of CAI services. In that 
^a,9e the cost decline would be less than 11 percent. 

The popular assuaption that the costs of CAI will decline 
drastically with reductions in hardware costs is inconsistent with 
basic aritbaetic. It is only if iaproveaents in hardware reduce the 
need or the cost of other ingredients that such an outcoae would take 
place. Yet, it is flifficult to see how a high level of coaputer 
utilization could be integrated into school curricula without at least 
niniaal coordination and staffing, investaent in software, adequate 
facilities, and so on. Neithex' the recent history nor the structure 
of CAI costs supports the view tbat there will be drastic declines in 
the costs of CAI services. It is only when CAI services are defined 
as the aere availability of coaputers that the view aalces sense. As 
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aoted above, however, such « defiaitioo is neive and educaclooally 
iflde feasible. 

Arc Micrg-Coaputere (deeper Thtn Mini-Coapttters 

The reairluibla apflurge in populeriCy of aicro-cosputers end their 
esesing flexibility and perfonMice heve contributed to the popular 
essttfliptioa that CAl is •jnoaynous with the aicro-eomputar. 
nicro'co^t^.ra can be purchased and used singly, in saall auabera, or 
in larger nusbera when configured into a c(»puter laboratory. Each 
aicro-conputer can be ueed independently or linked lo other 
micro-coaputers in a local area network (Piele 1984). Schools have 
often initiated their CAI services by getting small nu^ers of 
aicro-coaputers that are first used for instruction by a few teachers 
who are coaputer buffs (tfeister 1984). Later, these enthusiasts may 
train other teachers, creating additional dcman'is for micro- computers 
and placement of micro-computers in all or most classrooms or In a 
computer laboratory. 

A major advantage of the micro-CMiputer is the flexibility that 
it permits in accommodating a variety of different patterns of 
adoption and utilisation. Ho major investment needs to be made 
initially as schoola acquire equipmnt and software in small amounts 
for the purposes of familiarising staff and exploring the potantial of 
CAI. Only later as CAI is introduced systematically into the 
curriculum do the comeitments and coats rise. 

But, there is one set of conditions under which this strategy may 
be counterproductive and even more costly than Che use of a 
mini-computer with student Liirminals. This situation eaerges as 
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«d.dicIoa«l micro'coaputers are acquired, it often becoens desirable to 
link thea iato a local area aetwork so that software, printers, disk 
drives, and data bases can be easily shared end cooaunieetion is 
possible froa one user to another* For exaople, in such a network a 
teacher could aoaitor the progress of individoal students and offer 
suggestions to students in an unobtrusive aanner by sending aesseges 
between the two aicro-coapoters* 

Once a school reaches the stage where it wishes to link it|»^ 
aicro-coaputers into a network, however, it is addressing a task which 
is a basic function of a aini-coaputer with teraiosls. A 
aini-coaputer is a larger coaputer than a aicro, and it is accessed by 
terainals. The terainals have keyboards and video-aoni tors , but no 
independent storage or processing capability* Rather that ability is 
contained in the central processing unit of the a in i' coaputer. Since 
all terainals are linked to the central processiiig unit, sharing of 
software, peripheral equipront such as printers and storage devices, 
and commuaicaCimi aiioag taniinals are iaCrtnsic to the sini-covputere 
Further^ the same revolutloa in electtooics that ha« reduced the coat 
and raised the capabilities of micro- computer a has also ha4' the same 
affects on mini-ccmputerae 

Accord ingly, a coat comparison was made of a popular, local area 
aatvork co^oaed of micro-comimtera (Apple II* a vith a Corvua Ooaiiaat) 
and the aini-'computer coaf igurat ion uaed in the previous cost 

analyses!* The comparison vas limited to the hardware coats tor 

delivering a aimilar set of curricula (Levin, Glassi and Meiater 1984: 

23-25 )e The coats of the tvo systmu were found to be comparable, 
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trich ch€ siai-coaputac^:^ lightly coscly per scudaat. Howavar^ 

expariaaca with tticra-cottputar aaevorka in achoola hava ahonn tham to 
ba leas rail ab la at tha praaaot ti«e than sini«coapatara« and thair 
parionoal raquircnanti aaaa to ba graatar bacauaa of thair cospleicity 
of oparatioo* Thaaa auggatt that on balanca cha higher reliability 

o' 

and laeaer perammel neiidi attached to tha aini-cospatar make it laaa 
coatly thaa a comparable aicro-cMputer itat«Drlu It al«o iuggaata 
that if achoo^li intend to plan for a local area network at tha 
oatsat***raCbar than after acquiring sucroa — they should conaidar thi^ 
siai-cos^Hitar alternative* 
IV- COST-SFPECTIVKHgSS OF CAI 

A final popular belief that m with to addtms^ is the viev that 
Che decline in cost of coaqnitera and riae in their capabilitiea aa 
val^ as the explosion in availability of educational software have 
aada CAI a more coat-effective alternative to instruction than 
c r ad it iofial approachea* While this aay be the caaa» rarely is evidence 
used to back up the claim* Cos t-af fact ivenasa studies require that 
systematic ana ly sea of costs be available for addressing the sasm 
educational outcomes (Levin 1983). The relative lack of data on both 
costs and effects suggests that a high priority be attached to 
rigoroua atudies of the cost-^ef fectivaness oi CAI* 

Recent research undertaken at the Institute for Research on 
Educational Finance and GovernMce (IFC) attwptad to compare the 
coat-ef fee tivenesa of drill-and-practice CAI <#ith that of three other 
alternatives for increasing student achievawnt in mathematics and 
reading in elementary schools (Levin, Glass, and Maister 19S4)* The 
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other interventicKjg that wera coosidersd in Che an«ly«is wer« reducing 
clAta sixe, inereeting instructioael tim, end croas-age tutoring. 
Both CAI and incraaaiog inatructiooal time have baen featured 
proainentlr a^ong the recoaaendat iooe of the netional reporta on 
edacatioael refora, tihile reducing cleaa aixe and eroaa-'age tutoring 
repreaent aore traditional approachea. The eapheaia ia selecting 
LAterv*At iooa specific foraa of the interventi(»a waa to chooae those 
that vere re^Iicabie in eleaentary schoola (as opposed to those 
developed for experimental purposes), tb«t had reasonable evaluatioQ 
data froa vhich we could e&tiaate effectiveness, and that had 
sufficient deteil to facilitate identification of ingredients and 
their costs. 

The specific CAI iaterventioc that wes evaluated is based upon 
the CCC dr i 1 l-and-practice curriculua chat vas described previoualy. 
The iaterventioa for iacreasiag i»is t rue t iooal tise entailed the 
addition of one hour of instruction ^r '^ly, half of it devoted to 
mathematics, and half devoted to reading. The uuin ingredient for 
costing purpdses vas additional teacher time. Cross-age tutoring 
refers to a peer component, the tutoring of younger students by older 
ones under the supervision of adults for grades 2 and 3 and an adult 
component comprised of adult tutoring of students in grades 5 and 6. 
The specific tutoring program chosen for this study vas the Cross-Age 
Structured Tutoring Program for Reading and Mathematics in the Boise 
(Idaho) Schools. Staffing for each elementary school of about 300 to 
400 students includes a tutor manager in reading, a tutor manager in 

mathemarics, and an adult tutor for each subject. Daily tutoring 
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sessions last about 20 alnuees a day uaiag a coraercially availsbla 
carricaluB. The redaction of class sise was based upon exaaiaing Che 
coses and effaces of reducing clasa sis« increneaeally fro« 33 to 30 
scudetits; 30 to 23 students; 25 to 20 students; and 35 to 20 students. 
Costs of this intervention are asiociated «ith the additional 
classrooos and teachers that are required. 
Effectiveness 

Th0 ef fee tlveoass oZ c»?!ch of thm iaterreacioas ettisated by 
doiag 4 two ttAgo analysis, and daCails can he found in Glass (1984)e 
First the available evaluation* for each class of intervention umxe 

assessed to obtain a range of their effects on student achi^veaent. 
Second y evaluiitions of the specific interventims for CAZ, increasing 
ins cruet ions 1 tiae, and croas-age tutoring were %MseB90d to obtain 
specific estimates of acfalevment effects! The effects of reductions 
in class sixe were derived froa a ae t a-aila ly s i s of about 80 
evaluations on the subject.The results of the first and second stege 
vers coapared to assure that the specific interventions were 
representative of those of che classes of interventions chosen* 
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TABLE TWO 

EsciaaCad Sf fectivenass of four S4ac«eioiuiI Intdrveocioiitf 
la Moneh* of AddieiooAl StudeaC G«ia 
Per Te«r of Instruction 



Mathosaticff Reading 

ai 1.2 2.3 

Croa«-A^ Tutoring 

Paar Coapoaeat 9.7 4.8 

Adult Coapoaeat 6.7 3.8 . 

Incraasittg Inatructiooal Ttoe 0.3 0.7 
Reducing CUse Sixe 

^ Froa To 

35 30 0.6 0.3 

30 25 0..7 0.4 

25 20 0.9 0.5 

35 20 2.2 1.1 



Table Tvo ahovs the eatiaated e f f ec t iveneas of each of the 
interventions. $ince the interventions represent 8uj>pleaents to 
existing instruction* the effects are evaluated in terms of the 
d^dditional achieveaent expected for children receiving each 
intervention relative to siailar students who are not exposed to it. 
Effect 8 lies were estiaated in terms of achievenent gains in standard 
ddviaeioo uaics. However , a standard deviation at the eleAentary level 
is approximately equal to a year of achievement, vhere an academic 

year is equal to io months* Accordingly, ve have converted the 

■\ 

achievement reaulta iato'^onths of student gain per year of 
instruction to provide a^^^re f aid liar measure of achieveMnt* Table 
Two shows the expected monthly gains in achievement of students for 

i 
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• ach incerveat ion, wt)«re ««ch aoach of gain is About oae-tenth of a 
ichool ftt^r of achitfirawi^t* 

Tb# CAI interventiioa produced a hoalthy rosulc i^ith ovor « aooth 
of itudent 94 in in guieheoAtlcs «ad over tvo moochSt «lw>«t a qunrtor 
of a yo«t, in roadifljig for « ettOMaiouto dnily •ofsion in Mch subject 
over the school ye^^* Bovever, even lerger effecte vere found for 

both the peer end ^dult cosiponents of crose-ege tutoring. Peer 

i * 

ti^toring produced / geins of almost e full year in qtathesiatics 
achieveaent and half a year in reading achievwent, and gaina from 
adult tu Coring jwre aleoat as i^ressive* In contrast t reductions in 
class sise shoved less than a south of gain in both MtbesMitics and 
reading for each five-student decres^nt. The direct reduction froa 35 
to 20 students, howver, vas associated with i^ains aisdlar to CAI, but 
with greater achievesent gains in sathettatics than reading* Finally, 
the effectiveness of an additicmal half hour a day of instruction in 
each subject showed very small gains. 
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' TABLE THREE 

AnatMl Coat Par Student P«r Subject of Four Bducetional Interv^ntlooe 



C4I 

Croee«-Age Tutoring 
Peer Conpooeat 
Adult Com{H>aent 

lucreesingr Inetructiooal Tiiae 

Kaduciag CIass Sis« 



Ce«t p«r SCudcttt p«r Subject 
$119 



$212 
$827 

$ 61 



Fro« 
35 
30 
25 
35 



To 
30 
25 
20 
20 



$ 45 
$ 63 
$ 94 
$201 



Table Three shovs the annual costs per student of each 
intervention. The annual cost per student per subject represents the 
total value of resources required to replicate each intervention, 
divided by the number of students rece ving the instructional 
benefits, vhere the ingredients toethod was used to estinate costs. The 
most cos'tly of the interventions vas adult tutoring, followed by peer 
tutoring and a reduction in class size from 35 to 20. The cost of CAI 
was about half that of peer tutoring. Reductions in class sixe by 
five student decreaents and increasing instructional tine by one half 
hour a day in each subject w«re the least costly interventions. 
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TABLE FOUR 



Esciaated Eff«etiveiie«W of Four SducjttioiMl laterventiont 
la Month* of Ad4itioMl SCnd«aC AchieveMnt Gain Per Year 
of Inatructioo f(^r E«ch^$100 Coat Per Student 



NatheBetica Reeding 

CAI 1.0 1.9 

Cro««-Age Tueoriiig ^ 

Vmmt Component 4#6 2«2 

Adult CospoMat 0«8 0*5 

Increatiog lastructioMl Timt OeS 1*2 

Raducing (^lass Sisa 

/ 

Froa To 

35 30 / 1.4 Oe7 

30 25 1.2 0.6 

25 20 / leO 0.5 

35 20 / 1.1 0.6 



When costs for ^ach iatatvaation ia Table Thraa ara combined vith 
the effectiveness results fro« Table Tiio, , cost-effectiveness ratios 
are obts(ineda With these it is possible to ascertain the expected 
gains in student achievesent associated vith a given cost. Table Four 
shows the gains in student achievement from each intervention for sach 
$100 cost per pupil. The CAI intervention is estimated to produce a 
gain of about ono ^nth in mathematics and cvo months in reading for 
each $100 in cost per student. In contrast^ peer tutoring is 
associated vith almost half a year of achievement gain in matheoistics 
and almost a quarter year in reading. Other interventions tend to 
show lover cost-effectiveness than eicher peer tutoring or CAI. 
Indeed, even though adult tutoring shoved one of the highest effects. 
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its high cof e creates a cost-ef feetiveness ratio that Is aaong the 
lowest of the four interveatioas. 

Based upon these results, it appears that the specific CAI 
iaterveatioa evaluated ia thiii study was more cdst-ef fective than 

4 

adult tutoriag, reducing elais tiia, or IncreMlng iusensctlanml tiae* 

I 

Bovevar, it w«i considerably lees cost-effective peer tutoring 

ia aethevetics end slightly less eost-ef fective in readings This 
suggests that the CAI intervention does per forai cosfiaratively well 
according to cost-effectiveness criteria, althoqgh it is not 
necessarily the aost cost-effective approach to improving mathematics 
and reading achievement in the el^entary grades* Although these 
results are based upon CAI delivery vith mini-computers rather than 
micro-c omput er s t analysis of micro-computers for this specific CAI 
intervention suggests that they vould be more costly (Leviui Glass, 
and Meister 1984: 23-25 and Appendix Tables A-6al and A-6a2s) and 
vould be associated vith lover rather than higher costref fectiveness 
ratiosa 

Of course, as nev developments occur in CAI curricula and their 
applications, CAI might improve i'ts relative cost-ef fectiveness^ 
Evidence at the present time suggests, hovever, that educators should 
not assume blindly that CAI is a more cost-effective intervention than 
other a 1 ternatives^ Clearly, the overall choice must depend upon a 
school's instructional goals, available resources for reaching those 
goals, proficiency in using computers, and many other factors* 

The over-riding theme of this paper is thrt popular assumptions 
about costs and cost-effectiveness of CAI are often not supported by 
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cvld«ae«. To th« d«grc« eh«t decisions Co adopt CAI ara «ada on Che 
basis of such assuapcioas, chay uMf be costly and inefficient. It is 
crucial that sysCeaatic evaluacion of CAI procead as rapidly as Che 
proliferation of coapucers in inscruccion in order Co aacerCain the 
■lost proaising appUcaCions in a fraaeirork which considers both their 
educational af feetivenass and thair costs. 
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